1. Introduction {#sec0005}
===============

Human beings are continuously using natural substances for their basic needs such as food, clothes, shelter, medicine and other industrial purposes since the ancient time. It is documented that peoples from all ethnicity used either whole plant or its specific part for medical purpose with an earliest record found for the use of around 1000 plant-derived substances in Mesopotamia in 2600 BC. Similarly, Indian Ayurveda system which is around 5,000 years old also has the documentation for natural drug molecules. Chinese literature is also filled by the use of herbal medicine 2500 years before \[[@bib0005],[@bib0010]\]. From past two decades, novel natural product offers prospects for innovation in development and discovery of drug(s) and plays an important role in pharmaceutical and other industries \[[@bib0015],[@bib0020]\]. Epidemiological evidence indicates that a diet rich in plant derived foods significantly reduces the risk of many types of cancers and cardiovascular diseases, suggesting that certain dietary antioxidants could be effective agents for the prevention of cancer incidence and mortality \[[@bib0025]\]. Polyphenols, found in these remedies, are considered to be the chief agents responsible for the biological functions and disease cure \[[@bib0030]\]. Plant phenolics including simple phenols, phenolic acids, flavonoids, coumarins, stilbenes, hydrolyzable and condensed tannins, lignans, and lignins are the most abundant secondary metabolites, produced mainly through the shikimate pathway from L-phenylalanine and L-tyrosine, and containing one or more hydroxyl groups attached directly to aromatic ring \[[@bib0035],[@bib0040]\]. Secondary metabolites originates from primary metabolites (carbohydrates, amino acids, and lipids) principally for protection against UV radiation, competitive warfare against viruses, bacteria, insects and other plants, as well as responsible for smell, color and flavor in plant products \[[@bib0045]\]. Plant phenolics are similar in many ways to alcohols with aliphatic structure but the presence of aromatic ring, hydrogen atom of phenolic hydroxyl group makes them as weak acids. They are well known to exhibits a variety of functions including plant growth, development, and defense and also have beneficial effects on mankind. They are acknowledged as strong natural antioxidants having key role in wide range of biological and pharmacological properties such as anti-inflammatory, anticancer, antimicrobial, antiallergic, antiviral, antithrombotic, hepatoprotective, food additive, signaling molecules and many more \[[@bib0020],[@bib0050], [@bib0055], [@bib0060], [@bib0065], [@bib0070], [@bib0075], [@bib0080], [@bib0085], [@bib0090], [@bib0095], [@bib0100], [@bib0105], [@bib0110]\].

The term **"**phenolic acids**"** generally describes the phenolic compounds having one carboxylic acid group. Phenolic or phenolcarboxylic acids (a type of phytochemical called a polyphenol) are one of the main classes of plant phenolic compounds. They are found in the variety of plant-based foods *viz*. seeds, skins of fruits and leaves of vegetables contain them in highest concentrations. Typically, they are present in bound from such as amides, esters, or glycosides and rarely in free form \[[@bib0115]\]. Phenolic acids are mainly divided in to two sub-groups: hydroxybenzoic and hydroxycinnamic acid \[[@bib0120]\]. Phenolic acids possess much higher *in vitro* antioxidant activity than well known antioxidant vitamins \[[@bib0125]\]. Hydroxycinnamic acids, derived from cinnamic acid, present in foods often as simple esters with quinic acid or glucose. The most abundant soluble bound hydroxycinnamic acid present is chlorogenic acid (a combined from form of caffeic and quinic acids). The four most common hydroxycinnamic acids are ferulic, caffeic, *p*-coumaric, and sinapic acids. On the other hand, hydroxybenzoic acids possess a common structure of C~6~-C~1~ and derived from benzoic acid. They are found in soluble form (conjugated with sugars or organic acids) and bound with cell wall fractions as lignin \[[@bib0130],[@bib0135]\]. As compared to hydroxycinnamic acids, hydroxybenzoic acids are generally found in low concentration in red fruits, onions and black radish *etc.* \[[@bib0140]\]. The four commonly found hydroxybenzoic acids are *p*-hydroxybenzoic, protocatechuic, vanillic, and syringic acids. This review summarizes the classifications, extraction methods, mode of metabolism, bioavailability and usages of plant phenolic acids in biomedical, pharmaceutical, food, cosmetic and other industries.

2. Biosynthesis of phenolic acids {#sec0010}
=================================

The plants produce enormously miscellaneous series of low molecular weight compounds, known as 'natural products' or secondary metabolites that confer the metabolic flexibility necessary for biotic and abiotic responses \[[@bib0080]\] and usually derived from the phenylpropanoid, isopropanoid, alkaloid and fatty acid pathways \[[@bib0145]\]. Phenolic acids are a diverse class of plant polyphenols and most studied too, and are produced through shikimic acid by phenylpropanoid pathway, during monolignol pathway as by-products, by the breakdown of cell wall polymers such as lignin and some are produced by microbes also \[[@bib0150], [@bib0155], [@bib0160]\]. The shikimate or shikimic acid pathway is concerned with the production most of the phenolics in bacteria, fungi and plants by converting the simple carbohydrate molecules (resulting from pentose phosphate pathway and glycolysis) into phenylalanine and tryptophan. The pictorial representation of phenolic acids biosynthesis is given as [Fig. 1](#fig0005){ref-type="fig"} which is modified from literature \[[@bib0080]\]. Larger carbohydrate molecules degraded into glucose which converted to dehydroshikimic and shikimic acids in multistep metabolic process. Dehydroshikimic acid transformed into gallic acid, a basic hydroxybenzoic acid whereas shikimic acid into phenylalanine. Through the action of phenylalanine ammonia lyase (PAL) converts the phenylalanine into trans-cinnamic acid and release of ammonia which serves as the key point for the synthesis of phenolic acids as well as in primary and secondary metabolism while some plants and grasses convert 4-hydroxycinnamic with the help of tyrosine ammonia lyase (TAL). The PAL gene expression and its protein activity by metabolite channeling, feedback regulation, and post transcriptional changes greatly affects the production of phenolics \[[@bib0165]\]. The absence of PAL and chalcone synthase in bacteria results in lack of phenylpropanoids and flavonoids while the some marine bacterium such as *Streptomyces maritimes*, *Streptomyces verticillatus* and *Sorangium cellulosum* are known to possess the PAL \[[@bib0170],[@bib0175]\]. In 2007 Moffitt and coworkers discovered a PAL protein in cyanobacteria having similar tertiary and quaternary structure as yeast and plant PALs and associate with the secondary metabolite biosynthetic gene clusters. The prokaryotic PAL has been suggested as an alternate for phenylketonuria patients in enzyme substitution therapy \[[@bib0180]\]. Recently the information about enzymes used in phenylpropanoid pathway has enhanced which can be utilized in metabolite/ enzyme engineering \[[@bib0185]\]. Plant cell wall contains the integrated esterified phenolic acids which gets release upon acid/alkali hydrolysis \[[@bib0190]\]. Cinnamic acid is converted into the *p*-coumaric acid upon addition of a hydroxyl group at pera position by the action of monooxygenase (use cytochrome P~450~ as oxygen binding site). The *p*-coumaric acid undergoes for hydroxylation and oxymethylation and produces caffeic, and ferulic acids, respectively. These phenolic acids contain C~6~-C~3~ structure and used as ancestor in the synthesis of lignins and other phenolics. By losing two carbon-atoms cinnamic acid transformed into benzoic acid and its derivatives. For the large scale production of phenolic acids, biotechnological approaches have been used. The cell and tissue cultures models are used to reveal the regulation of different biosynthetic pathways for many secondary metabolites of chemical-pharmaceutical interest, as well as to enhance their production \[[@bib0195]\]. Plant tissue culture in flask and bioreactors has the advantage over traditional approach (growing the whole plant in natural environment or agricultural farms) as it provides superior control in terms of limitations of natural factors like seasonal variation and geographical locations \[[@bib0080],[@bib0200], [@bib0205], [@bib0210]\]. The biotechnological production of phenolic acids has offered a promising way for their mass production \[[@bib0215],[@bib0220]\].Fig. 1Schematic representation of phenolic acids biosynthesis through phenylpropanoid pathway.Fig. 1

3. Metabolism of phenolic acids {#sec0015}
===============================

The association of parent phenolic acids and their metabolites has been confirmed by *in vitro* and *in vivo* studies of intestinal, hepatic and microbial metabolism. In addition to dietary sources, phenolic acids can also be produced through the metabolism of other kind of polyphenols by microflora in colon \[[@bib0225]\]. Dietary phenolic acids, occurs ubiquitously in plants, play a major role protective role in oxidative stress conditions. They are (especially caffeic and ferulic acids) metabolized extensively in human after absorption from GI tract followed by methylation, glucuronidation and sulfation derivatives resulting in the change of their structures and exert biological effects \[[@bib0230], [@bib0235], [@bib0240], [@bib0245]\]. Sulfation and glucuronidation occurs at reducing hydroxyl group of phenolic acids so decreases their antioxidant activity. There are too much data available for biological activities of phenolic acids but very less is reported for their metabolites except for the metabolites of caffeic and ferulic acids \[[@bib0245], [@bib0250], [@bib0255]\]. The metabolic fates of chlorogenic (combination of caffeic and quinic acids), ferulic, caffeic and sinapic acids have been explored well and these are metabolized mainly by colonic microflora \[[@bib0260],[@bib0265]\]. The excretion of ferulic acid in free or bound form has been reported as about 11--25% of total ingested amount \[[@bib0270]\]. The general metabolic routes of dietary phenolic acids have been summarized in [Fig. 2](#fig0010){ref-type="fig"}. The excretory products from phenolic acids metabolism are removed through the excretory system primarily in feces and urine.Fig. 2Representation of general metabolic pathway for phenolic acids in human beings.Fig. 2

4. Bioavailability of phenolic acids {#sec0020}
====================================

The intensity of biological activities shown by phenolic acids primarily depends on their bioavailability which accounts for the proportion of their absorption, digestion, and metabolism after entering in the circulation system. There are numerous epidemiological and experimental evidences present describing the protective role of phenolic acids in degenerative diseases such as cardiovascular, cancer, diabetes, inflammation and many more \[[@bib0020],[@bib0030],[@bib0275], [@bib0280], [@bib0285]\]. Their health effects recognized particularly due to their strong antioxidant nature. Though, for the better understanding related to their health effects, we have to advance our database for the bioavailability of phenolic acids as they received less attention than flavonoids. Bioavailability of various phenolic acids has been summarized in [Table 1](#tbl0005){ref-type="table"} which is modified from literature \[[@bib0290]\]. In hydroxycinnamic acids, the majority of experiments have been carried out for caffeic, ferulic, and chlorogenic acids. Ingestion of free from of hydroxycinnamic acids results in their rapid absorption from stomach and small intestine followed by the conjugation through detoxification enzymes \[[@bib0290]\]. As the dietary concentration of hydroxybenzoic acids is much lower than hydroxycinnamic acids, hence we have limited data for their bioavailability studies \[[@bib0295]\]. Gallic acid is the most abundantly studied hydroxybenzoic acid for absorption and metabolism and confirm its great absorption ability.Table 1Selected bioavailability of various phenolic acids in their purified administered form.Table 1Phenolic acidDoseIntake (duration)Metabolites and aglyconeReference*T~sample~* (h) {after last dose}*C~determined~* (μM)24 h urinary Excretion (dose %)Ferulic acid1.94 mg/day21 days12ND42.59.7 mg/day21 days121.151.8\[[@bib0300]\]48.55 mg/day21 days127.638.6Caffeic acid100 μmol/kg1(GI)0.3330.39\--\[[@bib0305]\]10 mg/kg1(GI)0.56.0\--\[[@bib0310]\]45 mg/day8 days12108.740.9\[[@bib0315]\]110 mg/day1(GI)0.5≈55013.7\[[@bib0320]\]125 mg/kg1(GI)2.060\--\[[@bib0265]\]500 mg*p*-Coumaric acid100 μmol/kg1(GI)0.16139\--\[[@bib0325]\]Gallic acid100 μmol/kg1(GI)13.51\--\[[@bib0325]\]Chlorogenic acid50 mg/kg1(GI)\-\-\-\-\--\[[@bib0330]\]248 mg/kg1(GI)0.5-1.0≈8\--\[[@bib0265]\]88.6 mg/day8 days12113.458.8\[[@bib0315]\]Rosmarinic acid36.3 mg/kg1(GI)0.50.96\--\[[@bib0305]\]50 mg/kg1(GI)0.54.635.47\[[@bib0335]\]200 mg/kg1(GI)\-\-\--31.8\[[@bib0340]\][^1][^2]

5. Extraction and quantification {#sec0025}
================================

Extraction of phenolic compound(s) from plant materials mainly depends on the nature of sample matrix and also on chemical properties of desired phenolic(s) such as number of aromatic rings and hydroxyl groups in its structure, polarity, and concentration \[[@bib0135]\]. Therefore, it is tricky to select a single method for phenolic(s) extraction from different plant products. Phenolic compound(s) can be extracted from fresh, frozen as well as dried plant samples. Mostly; the phenolic compounds are found as esters or glycosides than free molecules, so their extraction method should be planned carefully as it affects the selectivity, yield and recovery of desired bioactive compound(s). On the basis of extraction source and type of phenolics, different solvents such as water, acetone, meth/eth/prop-anol, ethyl acetate *etc.* either alone or in mixture have been used to get high yield of desired phenolic(s) \[[@bib0030],[@bib0345], [@bib0350], [@bib0355], [@bib0360], [@bib0365], [@bib0370]\]. Final recovery of extracted phenolic compound in stable form is also affected by pH, temperature, sample-solvent volume ratio, and number and time intervals of each steps in extraction plays a major role in the extraction protocol \[[@bib0375]\]. The choice of solvent used to extract the phenolic compounds can influence the final composition and bioactivity of extract \[[@bib0380]\]. After extraction; analytes are separated by different chromatographic techniques (TLC, column, HPLC) for quantification followed by structure elucidation by elemental analysis, FT-IR, NMR, UV--vis., GC---MS/HRMS and X-ray crystallography \[[@bib0030],[@bib0100]\]. Even though, there are huge literature but quantification of different phenolic(s) remains a challenge \[[@bib0385]\]. Therefore, an immense scope is available to develop suitable quantification method for specific phenolic(s) as it offers comprehensible business opportunity since they are widely used in pharmaceuticals, phytochemicals, food ingredients, cosmetics dietary supplements and nutraceuticals \[[@bib0040],[@bib0390]\]. Chromatographic techniques *viz.* HPLC and GC alone or in combination with mass spectrometry provides the best results for phenolic(s) quantification \[[@bib0395]\]. Quantification of phenolic molecule(s) through spectrophotometry is relatively a simple method. Folin-Ciocalteu and Folin-Denis assay were the commonly used specrophotometric methods for measurement of total phenolic content. These methods were based on the reduction of tungsten and molybdenum, respectively and final products show the blue color at 760 nm in the presence of phenolic compound(s) \[[@bib0400],[@bib0405]\]. Both these methods were failing in terms of specificity and also produce colour for other materials such as aromatic amines, vitamin c, and sugars \[[@bib0410]\]. Quantification of total phenolics, flavonoids, and tannins also carried out through different colorimetric methods \[[@bib0415], [@bib0420], [@bib0425]\]. Gas chromatography (GC) is another important method to separate, indentify and quantify the phenolics *viz.* phenolic acids \[[@bib0430]\], flavonoids \[[@bib0435]\] and tannins \[[@bib0440]\]. The key concern during GC analysis is derivatization and volatile property of phenolic molecule(s). Thus, several reagents such as methy/ethyl chloroformate, DMSO, diazomethane, methyl iodate, trifluoroacetymide, trimethylsilyl derivatives, N-(tert-butyldimethylsilyl)-N-methyltrifluoroacetamide and have been used to amend and creation of volatile derivatives of phenolics \[[@bib0385],[@bib0445]\]. For the quantification of phenolic(s) by GC, fused silica capillaries of 30 m lengths, 25--32 μm internal diameters and 0.25 μm particle sizes are the most frequent columns. In combination with flame ionization detector in mass spectrometry, GC gives more selectivity and sensitivity \[[@bib0385]\]. High Performance Liquid Chromatography (HPLC) is the most favored method used to separate and quantify the phenolic compound(s). Selection of mobile phase, column, column temperature, types of detectors, and sample purification are the major factors affecting the HPLC \[[@bib0395],[@bib0450],[@bib0455]\]. Methanol, acetonitrile and their aqueous forms are leading mobile phase for phenolics quantification through HPLC in gradient elution \[[@bib0460]\]. Ethanol, 2-propanol and tetrahydrofuran are also used. The maintenance of pH between 2 to 4 is suggested to avoid ionization of phenolic compounds, thus mobile phase contain formic acid/acetic acid/ammonium acetate and citrate buffers/phosphoric acids \[[@bib0465], [@bib0470], [@bib0475]\]. Choice of HPLC column plays a key role in HPLC. On the basis of polarity of different phenolic compounds, C18 or reverse phase column were used predominantly with 10--30 cm long, 3.9--4.6 mm internal diameter and 3--10 μm particle size. However, development of new column types with 3--25 cm length, 1--4.6 internal diameter and 1.7--10 μm superficial porous particles are used in advanced HPLC methods \[[@bib0135],[@bib0480]\]. Identification of phenolics in UV--vis and photodiode array detectors are carried out at 190--380 nm, colorimetric, fluorimetric, photodiode coupled with fluorescence are among the other used detection methods \[[@bib0485], [@bib0490], [@bib0495], [@bib0500]\]. Schematic representation of different extraction and structure determination methods used for plant phenolics are given in [Fig. 3](#fig0015){ref-type="fig"}.Fig. 3General scheme for the extraction of phenolic compounds from natural sources.Fig. 3

6. Applications of phenolic acids {#sec0030}
=================================

Even though the complete role of phenolic acids in plants is still unknown but it is confirmed that they have diverse utility including a role in nutrient uptake, structural components, enzyme activity, protein synthesis, photosynthesis, and allelopathy \[[@bib0505]\]. Phenolic acids, known for diverse biological applications, are the main polyphenols produced by plants and work as ancestor for bioactive molecules regularly used in therapeutics, cosmetics, and food industries \[[@bib0510]\]. The key advantage of using phenolic acids is their metabolizing ability by natural microbes; therefore provide an essential alternate to man-made chemicals which are harmful to environment also. The pictorial representation of wide applications of phenolic acids has been summarized in [Fig. 4](#fig0020){ref-type="fig"} which is inspired from literature \[[@bib0040]\].Fig. 4Schematic representation of different applications of phenolic acids.Fig. 4

6.1. Phenolic acids as signaling molecules {#sec0035}
------------------------------------------

Plant phenolics particularly phenolic acids work as signaling molecules during the initiation of establishment of arbuscular mycorrhizal and legumerhizobia symbioses, and can also have a role in plant defense. These molecules offer themselves as an alternative source of carbon for some diazotrophs during inadequate environmental conditions and also work as precursors for phenolic lipids \[[@bib0515],[@bib0520]\]. Phenolic acids are quickly released from rising roots during the seed germination and growth of seedling in legumes plants \[[@bib0525],[@bib0530]\]. In the recent time, some phenolic acids have been found in the nodules of *Vigna mungo* and stimulate the production of indole acetic acid and also regulate the morphogenesis in Rhizobium sp. \[[@bib0535]\]. Several phenolic acids reported to stimulate whereas others was noticed to suppress the expression of *nod* gene *Rhizobium trifolii* \[[@bib0540]\]. The possible mechanism of protein profiling behind this work was also discussed which postulated that the effect of phenolic acids depends on their chemical structure, concentration, and also specific to strain \[[@bib0545]\].

6.2. Phenolic acids in food {#sec0040}
---------------------------

According to a German study of 1998, the scientist reported the average daily consumption of phenolic acids is 211 and 11 mg/day for hydroxycinnamic and hydroxybenzoic acids, respectively although the studied population showed the variability from 6 to 987 mg of phenolic acids \[[@bib0550]\]. There are plenty of literature available which confirmed that a diet rich in vegetables and fruits provide better health as they mainly work as antioxidant and inhibits the oxidative damage induced diseases *viz*. stroke, coronary heart disease, and cancers \[[@bib0020],[@bib0030],[@bib0100],[@bib0450],[@bib0555],[@bib0560]\]. Exploring the possible role of phenolic acids in plant life is only one aspect in many investigations while their role in food quality is also a huge one area of interest \[[@bib0565]\]. They have been used for enhancing the organoleptic (flavor, astringency, and hardness), color, sensory qualities, nutritional and antioxidant properties in food items \[[@bib0570],[@bib0575]\]. Also the effect of phenolic acids on fruit maturation, prevention of enzymatic browning, and their roles as food preservatives have been investigated \[[@bib0140],[@bib0580]\]. Generally, caffeic and ferulic acids (free/esterified) are the most abundant phenolic acids found in most fruits and cereal grains, respectively \[[@bib0585]\]. Flavonoids alone account roughly two-third of the total dietary phenolics in plant based food, however phenolic acids are also the major part and reports remaining one-third. The interest of scientific community in these simple phenolic acids are increasing continuously due to their antioxidant behavior and promising health benefits \[[@bib0590],[@bib0595]\]. As phenolic acids are found ubiquitously, human beings consume them on daily basis through the vegetables, fruits, grains, tea/coffee, and spices *etc.* which collectively account for about 25 mg per day depending on diet chart \[[@bib0120],[@bib0600]\]. Still the exact reason for the antioxidant and health protective effects of all the phenolic acids are not studied well *via in vivo* but there are many *in vitro* reports confirmed their beneficial effects \[[@bib0605],[@bib0610]\].

6.3. Phenolic acids as antioxidants {#sec0045}
-----------------------------------

Exposure to UV irradiation causes sunburn, DNA damage, and connective tissue degradation and can become the reason for skin cancer and premature skin aging \[[@bib0615]\]. Epidemiological studies pointed toward the unavailability of sunscreens and sun blockers to completely stop the UV induced skin cancer \[[@bib0620],[@bib0625]\]. Therefore, we have to search for new targeted chemopreventive approaches to treat the UV-irradiation induced conditions \[[@bib0630]\]. Considering the deleterious effects of reactive oxygen species (ROS) such as superoxide (^•^O~2~¯), hydroxyl (^•^OH), and peroxyl (^•^RO~2~¯) in the skin, many studies have focused to establish and evaluate the antioxidant compounds for the augmentation of endogenous cutaneous protection system against the oxidative stress-mediated diseases. For this, researchers focused on the natural antioxidants and their derivatives particularly phenolic acids, flavonoids and other phenolics \[[@bib0285],[@bib0635]\]. Phenolic compounds are known as direct antioxidants; however they also showed indirect antioxidant activity by inducing endogenous protective enzymes and positive regulatory effects on signalling pathways \[[@bib0640]\]. Phenolic acids act as antioxidants (due to the reactivity of phenol moiety; hydroxyl substituent on aromatic ring). Even though several mechanisms are known for the antioxidant activity (due to the reactivity of phenol moiety) of phenolic acids but radical scavenging *via* hydrogen atom donation is believed as the main method. Substituents on the aromatic ring in phenolic acids affect the stabilization of structure and consequently affect the radical-quenching ability. Different phenolic acids therefore have different antioxidant activity, and the antioxidant activities of free, esterified, glycosylated, and nonglycosylated phenolics has been reported and found different \[[@bib0605],[@bib0645]\].

6.4. Phenolic acids as antidiabetic agent {#sec0050}
-----------------------------------------

Diabetes is identified as an oxidative stress disorder, consequence due to an imbalance between the formation of free radical and individual's ability to oxidize them. The oxidative stress is vastly associated with the damage of organs through ROS which poorly neutralized by antioxidants leads to the inflammation and variety of metabolic disorders \[[@bib0650]\]. Antioxidants hinder the free radicals activity by numerous mechanisms and phenolic compounds particularly phenolic acids (possess a high antioxidant and free radical scavenging potential) work against the oxidative stress and its impediments by inhibiting the ROS producing enzymes \[[@bib0655]\]. The phenolic acids influence the function of glucose and insulin receptors (have a crucial role in diabetes). They augment the expression of glucose transporter GLUT2 in pancreatic β-cells (produces the insulin) and promote the translocation of GLUT4 through PI3K/Akt and AMP activated protein kinase pathways. Chlorogenic and ferulic acids proved the same transporter stimulation mechanism and work as antidiabetic agents \[[@bib0660], [@bib0665], [@bib0670], [@bib0675], [@bib0680], [@bib0685], [@bib0690], [@bib0695], [@bib0700], [@bib0705]\]. Among all the properties shown by phenolic acids, the best is the inhibition of α-glucosidase and α-amylase (two key enzymes) accountable for the conversion of dietary carbohydrates into glucose \[[@bib0710]\]. More details about the different mechanism followed by phenolic acids to inhibit/reduce the diabetes have been summarized in a recent review \[[@bib0715]\].

6.5. Phenolic acids as antimicrobial agent {#sec0055}
------------------------------------------

The phenolic acids accounts as the most abundant compounds among all the phenolics present in fecal water \[[@bib0720]\]. They exhibits antimicrobial activity and also work as food preservatives. The antimicrobial potentials of phenolic acids have been determined through the chemical structure especially by saturated chain length, position and number of substitution in core benzene ring. The phenolic acids display reduction in antimicrobial activity than their methyl and butyl esters \[[@bib0720]\]. An increase in alkyl chain length greatly enhances the activity such as phenolic acids oligomers have higher activity as compared to their monomers \[[@bib0725],[@bib0730]\]. The hydroxybenzoic and hydroxycinnamic acids also show different antimicrobial activity which depends on the number of hydroxyl (−OH) and methoxy (−OCH~3~) functional groups in a particular compound and their structure--function relationships does not describe for the diversity of these compounds \[[@bib0735]\]. Like other weak organic acids, hydroxybenzoic acids also followed the diffusion pattern across the membrane by un-dissociated acid for antimicrobial activity through the acidification of cytoplasm which leads to cell death. So the pKa and lipophilicity are the key factors in determining the solubility of phenolic acids in microbial membrane and corresponding antimicrobial ability \[[@bib0740]\]. The pH also plays an important role as it establish a charge on carboxyl (−COOH) group, substitutions of ring (hydroxyl and methoxy groups) and finally saturation of side chain. Antibacterial activity of phenolic acids is inversely proportional to change in pH \[[@bib0745]\]. A decrease of double bonds in hydroxycinnamic acids significantly reduces their antibacterial activity.

6.6. Phenolic acids in cancer cure and treatment {#sec0060}
------------------------------------------------

Cancer is one of the major health problems around the world, and according to a report of world health organization (WHO) approximately more than twice people died every year from cancer than AIDS, malaria, and tuberculosis together, whereas it is expected that these number will soar 80% by 2030 \[[@bib0750]\]. As per a report from Indian Council of Medical Research (ICMR), there will be a high increase of 25% in cancer patients in India alone. Epidemiology evidence indicates a diet with high consumption of antioxidant-rich fruits and vegetables significantly reduces the risk of many cancers, suggesting that certain dietary antioxidants could be effective agents for the prevention of cancer incidence and mortality. Phenolic acids such as hydroxybenzoic and hydroxycinnamic acids and their derivatives play a vital role in prevention and treatment of cancer \[[@bib0015],[@bib0020],[@bib0065],[@bib0085],[@bib0285],[@bib0755]\]. Plant phenolics can offer an opportunity in this regard and more than half of all anticancer prescription drugs approved internationally between the 1940s and 2006 were natural products or their derivatives and lots of clinical trials are continuing \[[@bib0760]\]. They reduces the tumor initiation through several mechanisms *viz.* prevent the formation of genotoxic molecules and blocking the activity of mutagens-transforming enzymes \[[@bib0765],[@bib0770]\]; regulate the heme-containing phase I enzymes \[[@bib0775],[@bib0780]\], carcinogen-detoxifying phase II enzymes \[[@bib0785],[@bib0790]\], and also stop the DNA adducts formation \[[@bib0795]\]. Most of the phenolics act at different points to cure or inhibit the different types of cancer \[[@bib0800]\].

7. Concluding remarks {#sec0065}
=====================

Consumption of cereals, vegetables and fruits based on their phenolics content reduce the disease risk and enhanced human health. The wide variety of health benefits and industrial applications of phenolic compound(s) draw the attention of scientific community to improve the techniques used in extraction and purification of these natural gifted molecules. Phenolic acids, non-flavonoid polyphenols, are key class of polyphenols and abundantly used in human diet. One should daily intake of phenolic acids around 200 mg/day or more depending on his/her consumption of vegetables, fruits, and whole grains such as apples, mangos, berries, plums, cherries, kiwis, citrus fruits, onions, tea, coffee, and flour made from whole wheat, rice, corn or oats \[[@bib0120],[@bib0805]\]. Phenolic acids are also available commercially as dietary supplements *viz*. grape seed extract or green tea extract. The supplements are typically supplied as antioxidants, but the current research confirmed that vegetables, fruits, and whole grains provide more health benefits rather than antioxidant supplements, so there is a tremendous scope in their extraction business. Phenolic acids, readily absorbed through intestinal tract walls, are beneficial to human health due to their potential antioxidants and avert the damage of cells resulted from free-radical oxidation reactions. On regular eating, phenolic acids also promote the anti-inflammation capacity of human beings. The demand of phenolic acids is very high in industries as they work for precursors of other significant bioactive molecules which are needed on regular basis for therapeutic, cosmetics, and food industries. The increasing demand of phenolic acids is also associated with their environment saving attempts as metabolized by means of natural microorganisms.
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[^1]: Bold values correspond to Tmax and Cmax; (GI) = gastric intubation.

[^2]: Red coloured values correspond to concentration of aglycone+conjugated metabolites+microbial metabolites.
